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INTRODUCTION 
The draining of prairie glacial wetlands has been a 
common agricultural practice since settlement in the northern 
prairie region of the united states. As early as 1892, 
manuals existed to aid landowners in draining farm soils 
(Miles 1892). Immigrants were recruited from Ellis Island, 
New York, to come to Iowa to install drainage tiles (Raymond 
Obrecht, Zearing, Iowa, 1986, personal communication). 
Prairie wetlands or "potholes" have been viewed by landowners 
as nuisances and hindrances to agriculture (modern large 
machinery is difficult to maneuver around the wetlands) and 
as wastelands that could be put into crop production. since 
1950, drainage of prairie wetlands has increased due to an 
agricultural chain reaction: increased costs of farming have 
caused a need for increased production, which has caused more 
intensive land use (Brewster and Caldwell 1974, Frayer et ale 
1983). More recently, government programs have encouraged 
draining and clearing of marginal areas, such as wetlands, 
for CUltivation. Some farmers have opted to increase their 
total acreage by draining their marshes, thus qualifying for 
greater government reimbursements for farming only part of 
their holdings (Stanley 1985). Local attitudes, encouraged 
by a three generation tradition, favor draining the wetlands 
to "improve" and increase cropland (Leitch 1981). 
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Although awkward for agriculture, prairie potholes serve 
as a means for water retention and as invaluable habitats for 
waterfowl. In an effort to regain wetland acreage for 
waterfowl use, the united states Fish and wildlife Service 
has been paying local landowners near Fergus Falls, 
Minnesota, to allow restoration of their drained wetlands. 
Water levels are restored by removing the means of drainage 
and allowing natural recharge (Madsen 1985, 1986). Similar 
schemes are also proposed for Iowa, Illinois, and North 
Dakota. The reestablishment of moist soil conditions 
promotes the germination of seeds of moist soil plant species 
that are present in the basin's soil. 
The vegetation that develops in wetlands removed from 
agricultural use originates in large part from buried viable 
seeds (the seed bank) in the soil. The seeds of wetland 
plants that remain in the seed banks of drained wetlands are 
remnants of those deposited before drainage. As a former 
wetland is restored, viable seeds of wetland plants can 
germinate and quickly revegetate the restored basin (van der 
Va1k 1981). 
Parker and Leck (1985) noted that the spatial 
distribution of seeds in the soil depends, in part, on how 
the seeds are dispersed. They found that seeds of many 
species were widely distributed; 50% of the total number of 
species in a wetland were found in all zones studied. van 
der Va1k and Davis (1976) similarly concluded that "seeds of 
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all marsh species are capable of dispersing to all zones in a 
marsh." 
Such cosmopolitan distribution of seeds is attributable 
to the buoyancy of marsh seeds. Sculthorpe (1967) stated 
that many emergents have buoyant fruits or seeds, and in the 
period that they remain buoyant (a few days to months) 
propagules can be carried considerable distances. 
In theory then, uniform dispersal of seeds across a 
marsh is possible, but other factors confound this 
possibility. Fruit wall damage (decreased buoyancy time) and 
seed predation (removal) account for some spatial variation 
in seed dispersal (Whigham 1979). wind can blow seeds to the 
edges of open water areas. Hopkins and Parker (1984) 
attributed differences in seed bank germination from February 
and october samples, in part, to differences in "dispersal of 
seeds by wind and water prior to sampling." Harris and 
Marshall (1963) found windrows of buoyant seeds deposited 
along the margins of a marsh. Standing vegetation can also 
act as a seed trap. smith and Kadlec (1983) cited this 
phenomenon as responsible for the high number of species 
occurring in seed bank samples from sites dominated by 
Scirpus acutus and Typha spp. Inwashing of terrestrial 
species through runoff, wind, and flooding may also account 
for some seed bank heterogeneity (Hopkins and Parker 1984, 
Keddy and Reznicek 1982). Algal mats are known to carry 
seeds (van der Valk and Davis 1978), but retard germination 
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and seedling emergence when stranded as drift on shore 
(Harris and Marshall 1963). In just 17 cm3 of such "stranded 
drift" McAtee (1925) found 680 seeds of 22 species. Some 
propagules can stick to boats, agricultural vehicles, and to 
the feet and feathers of waterfowl, and are transported by 
the movement of their. carrier. 
By whatever means, differential seed dispersal thus 
plays a part in producing spatial variation in seed 
densities. van der Valk and Davis (1978) noted a high degree 
of such variation in individual marsh seed banks, even within 
a vegetation type. They found that seeds of other species 
were more numerous than were seeds of the dominant species at 
the sample site, especially in areas dominated by Sparganium 
eurycarpum, Carex spp., and Scirpus fluviatilis. This trend 
was also noted by smith and Kadlec (1983) at the Ogden Bay 
Waterfowl Management Area, Ogden, Utah. But, even with this 
within-marsh spatial heterogeneity, wetland seed bank 
composition is more similar between zones within one wetland 
than in the same zone of different wetlands (van der Valk and 
Davis 1976). 
variation in seed banks is also discernible on a 
geographical scale. Thompson (1978) found that the density 
of buried seeds decreased with increasing latitude and 
increased with frequency of disturbance. 
Roberts (1981) stated that regular plowing of 
agricultural soils distributes seeds almost uniformly in the 
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vertical profile. This is not the pattern in most unplowed 
communities (Thompson 1978). For example, Nicholson and 
Keddy (1983) described a shallow lake shore seed bank in 
which 81% of all the seeds that germinated occurred in the 
top 2 cm of sediment. Leck and Graveline (1979) also found a 
decrease in seed density with depth in a tidal marsh, but 
determined that it was not significant. They suggested that 
at depths of 8 to 10 cm, the marsh soil actually prolongs 
seed longevity. van der Valk and Davis (1979) found viable 
seeds at a depth of 35 cm in a prairie pothole, and were able 
to reconstruct the marsh's former vegetation from the depth 
structure of the seed bank. 
In addition to spatial variation, any given seed bank 
also exhibits unique temporal characteristics. Thompson and 
Grime (1979) formulated a simple classification system for 
seed banks primarily based on seed longevity. Seed banks of 
Type I and Type II contain seeds that typically germinate 
soon after they are released and are able to exploit the gaps 
created by seasonally predictable damage or loss of 
vegetation. They make up the "transient" seed bank. A Type 
III seed bank contains some seeds that enter the persistent 
seed bank. A Type IV seed bank is the "persistent" seed 
bank, containing mostly small seeds that have restrictive 
germination requirements. 
Mortality of seeds may be due to improper timing of 
germination, consumption by predators, or loss of viability 
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with time (seed death). Most buried seeds die within a few 
years (Lewis 1973), but seeds of some species in suitable 
microsites can survive in significant numbers for decades 
(Roberts 1970, 1981, Fenner 1985). Thus, the composition and 
size of the seed bank depends, in part, on the longevity of 
the buried seeds present. 
Seeds of wetland species may not germinate when buried 
in the seed bank because of quiescence, i.e., environmental 
conditions are not suitable for seed germination (Bewley and 
Black 1982). Such quiescence may be due to depth of seed 
burial, concentration of gases around the seed, water and 
salt levels, and light and temperature conditions (Smith and 
Kadlec 1985, Baskin and Baskin 1983, Roberts and Lockett 
1978, van der Valk 1986, Galinato and van der Valk 1986, 
Thompson and Grime 1983). Germination of deeply buried seeds 
can be triggered by mixing the soil (Haag 1983), but such 
mixing is not likely except under agricultural practices. 
Dormancy, " ... the state of arrested development whereby 
the organ or organism, by virtue of its structure or chemical 
composition, may possess one or more mechanisms preventing 
its own germination ... " (Villiers 1972), also determines 
which seeds will germinate from the seed bank. Termination 
of dormancy may require scarification, stratification, or 
soaking. Means of breaking dormancy in aquatic species were 
surveyed by Kadlec and Wentz (1974). 
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A change in water level may be enough to break dormancy, 
as seen in LaGrange's (Ted LaGrange, Iowa Conservation 
commission, 1985, personal communication) observations of 
aquatic plants growing in "sheetwater ponds" in Iowa 
cornfields. These ponds were former wetlands which, at the 
time of observation, were used for crop production. "Many of 
the wetland plant species had undoubtedly remained in the 
soil since drainage, waiting for proper germination 
conditions and surviving years of tillage and chemical 
applications" (Ted LaGrange, Iowa conservation Commission, 
1985, personal communication). 
Which species germinate from the seed bank is dependent 
on the environmental conditions present at a given time. 
This idea is illustrated in the marsh life cycle models of 
Weller and Spatcher (1965), van der Valk and Davis (1978), 
and van der Valk (1981). In the van der Valk and Davis 
model, a wetland over time cycles through dry marsh, 
regenerating marsh, degenerating marsh, and lake marsh 
phases. Due to man's intervention in the natural cycling, a 
marsh may intentionally be changed to another phase or held 
in a phase. 
This model can also be applied to wetland restoration 
projects, which can be viewed in this context as a long dry 
marsh period being replaced at the time of restoration by a 
regenerating marsh phase. For example, Pitre and Anthamatten 
(1981) described a successful restoration project on the 
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Texas Gulf Coast. This project involved removing 
"unauthorized" fill dirt from the site and restoring the 
contours of the marsh to reestablish the natural water 
regime. One site was considered to be completely restored in 
just three years. Another example involved a channelized and 
drained wetland complex in Florida that was restored by 
blocking the drainage channels (Gatewood 1980). 
Drained and cultivated prairie wetlands are another 
example of wetlands held in a prolonged dry phase. Many 
authors have noted that changes in water regime (drainage, in 
this case) can change plant species composition in marshes 
(Harris and Marshall 1963, Jaworski and Raphael 1978, Kadlec 
1962, Meeks 1969, smith and Kadlec 1983, Walker and Wehrhahn 
1971, Weller and Fredrickson 1973, and others). Drainage and 
cUltivation dramatically change the vegetation of prairie 
potholes (Sloan 1970, Stewart and Kantrud 1972). Walker and 
Coupland (1968) called cUltivation " •.. by far the most 
drastic type of disturbance, completely overriding the 
effects of other natural gradients in prairie potholes." 
Evidence exists that wetland species persist, in spite 
of years of cultivation, in the seed banks of drained 
wetlands. Clambey (1975) noted E1eocharis calva on Iowa 
wetlands which had long histories of cultivation, grazing, 
and artificial drawdowns. stewart and Kantrud (1971,1972) 
described the wetland vegetation of cropped potholes as 
consisting of coarse weeds and grasses. Their 1972 
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publication included a listing of plants which increased in 
abundance after the cUltivation of a wetland, including 
species of the following genera: Carex, Juncus, Rumex, 
Ranunculus, Rorippa, and Potentilla. Millar (1973) reported 
that Scolochloa festucacea was the dominant species in five 
of the six wetland sites. other cultivation-hardy species 
included Polygonum coccineum, Alopecurus aegualis, and 
Beckmannia syzigachne. He found that Carex atherodes and 
Eleocharis palustris replaced the "disturbance species" 
(species that are associated with the disturbance of soil) if 
the soil was not recultivated frequently. Dix and Smeins 
(1967) also reported species found in "cultivated 
depressions": Eleocharis acicularis, Alisma triviale, 
Saqittaria cuneata, Glaux maritima, Gratiola neglecta, and 
Echinochloa crusgalli. Walker and Coupland (1968) listed 
colonizing plants of cUltivated wetland basins, including the 
above-mentioned taxa and Typha latifolia. 
When drained (and some cultivated) wetlands have been 
reflooded, either intentionally by man or naturally, the 
regenerating phase of the vegetation cycle is initiated. The 
vegetation of reflooded wetlands must adapt rapidly to this 
drastic change in environmental conditions. The 
characteristics of a marsh immediately after reflooding 
depend on the pre-flooding vegetation, the composition of the 
seed bank, the reflooded water depth, site history, and basin 
configuration. Upon reflooding of drawn down pools, mudflat 
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annuals die out, leaving the emergent species (Harris and 
Marshall 1963, Kadlec 1962, Meeks 1969, van der Valk and 
Davis 1978). The emergent species then spread, and submersed 
species become established. In a New York study, emergents 
had the greatest rate of "invasion," partly due to their 
establishment before flooding (Dane 1959). The success of 
submersed species was limited by the high turbidity of "new" 
sites (Chamberlain 1948, Dane 1959), but pioneer submersed 
and floating species such as Potamogeton pusillus and 
Ranunculus trichophyllus have been observed growing in 
reflooded sites once the substrate has stabilized (stewart 
and Kantrud 1972). 
In short, the reflooding of a dry wetland basin 
eliminates most annuals and stimulates the clonal spread of 
emergents and the establishment of submersed species. The 
course of a drained wetland's revegetation depends on the 
reflooded water depth, the pre-drainage vegetation, basin 
configuration, seed bank composition, site history, and time. 
By examining the seed bank of a drained wetland, 
information on its potential flora, spatial distribution of 
species, and vegetation history is made available for 
restoration planning and management (Major and Pyott 1966, 
van der Valk and Davis 1979, Pederson 1983, Pederson and van 
der Valk 1985, van der Valk 1985). How important the seed 
bank will be in revegetating a wetland to be restored depends 
upon the size and composition of the seed bank and water 
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level fluctuations during the restoration. with a suitable 
seed bank and proper water level management, vegetation 
reestablishment can be greatly accelerated, but improper 
management can slow it significantly. Seed bank information, 
then, will aid managers in predicting not only the future 
species composition of the vegetation of wetlands to be 
restored, but also in planning the proper sequence and timing 
of water level manipulations during a restoration (Ted 
LaGrange, Iowa Conservation commission, 1985, personal 
communication). 
The purpose of this study was to determine trends in the 
composition of seed banks due to geographic location and 
duration of drainage and cUltivation and to estimate the role 
of relict seed banks in restorations. Drained and undrained 
prairie wetlands in central Iowa, west central Minnesota, and 
central North Dakota provided a variety of sites distributed 
over a broad geographic area. 
Due to different species compositions of marshes in the 
three regions sampled in this study, geographic differences 
were expected. For example, Dix and Smeins (1967) list 
Eleocharis palustris as a frequently encountered species in 
North Dakota potholes, while this species is not included in 
the Iowa wetland species list of Lammers and van der Valk 
(1978). Leersia oryzoides and Phalaris arundinacea, 
infrequent in North Dakota marshes, are common in Iowa 
wetlands. In addition, differences in density of seeds in 
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basins of differing ages and in their profiles were expected 
because of differential seed longevity (Lewis 1973). 
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METHODS 
Selection of Study sites 
Drained and undrained wetland sites were selected in 
three areas of the glaciated prairie region: Sheridan and 
Wells Counties, North Dakota, Otter Tail County, Minnesota, 
and story County, Iowa. 
found in the Appendix. 
Legal descriptions of all sites are 
The basins studied in North Dakota 
occur in an area extending approximately from 47 0 23'N to 
47 0 4S'N and from 99 0 37'W to lOOoOS'W. The Minnesota basins 
occur in an area extending approximately from 4So58'N to 
46ol7'N and from 960 03'W to 96o l0'W. These latter basins are 
deeper and thus the undrained wetlands are more permanent (do 
not usually draw down) than are those in the other two study 
areas. The Iowa basins are shallower than the basins in the 
other study areas, and occur in an area extending 
approximately from 4loS3'N to 42 0 09'N and from 93 0 2S'W to 
93 0 4S'W. The sites in the three study areas occur on loam 
soils formed from glacial till (United states Department of 
Agriculture Soil Conservation Service 1969, 1976, 1984). 
criteria for site selection included landowner 
cooperation, site accessibility, and site history. Selected 
sites included drained and undrained Type III and IV wetlands 
(Stewart and Kantrud 1971). sites were located mainly by 
recommendation of local contacts, followed by landowner 
interviews. In addition, some drained sites were located by 
comparing aerial photographs taken on different dates. 
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Drained sites had been cultivated yearly since drainage, 
except for site 55, which was used as pasture for 40 years 
before being cUltivated in 1950. In some cases potential 
sites were excluded because of poor accessibility, i.e., poor 
road conditions or absence of roads. Tiled or ditched sites 
which remained wet enough to prevent cUltivation at some time 
during the season were excluded. 
A regional variation in drainage methods was observed: 
Iowa drained sites were almost exclusively drained by tile, 
North Dakota sites by ditch and pump, and Minnesota sites by 
tile, ditch, or both. Groupings of sites by location and 
year of drainage are shown in Table 1. 
Sampling of Seed Banks 
Iowa basins were sampled in late April 1986. Sampling 
in North Dakota and Minnesota was done in mid-May 1986. 
In each wetland a transect was laid out along the 
longest axis of the basin. soil samples were taken every 10 
m along the transect from the midpoint to the basin's edge 
(in one direction). At each sampling point all soil to a 
depth of 5 cm was collected in an area of 200 cm2 , i.e., 1000 
cm3 of soil per point. In drained sites these samples were 
extracted using a narrow spade (14 cm wide). In undrained 
sites, a coring device (Swanson 1978) of 6 cm diameter was 
used 7 times close to one point to obtain a sample of 200 
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Table 1. Number of sites sampled in each state 
Decade of Drainage Iowa North Dakota Minnesota Total 
1910-1919 6 4 10 
1940-1949 5 5 
1950-1959 5 5 
1960-1969 5 4 9 
1970-1979 4 5 5 14 
1980-1986 4 5 9 
undrained 11 9 10 30 
Total 26 28 28 82 
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cm2 . If a site was too deep to allow use of the corer, an 
Ekman dredge was used. 
All samples from one basin were composited and 
homogenized at the site. From this, 6-8 1 of soil were 
transported to the laboratory in labelled plastic bags. 
In the Minnesota study area, subsurface samples were 
also collected to examine the distribution of viable seed at 
different depths. This was done in three wetlands, each 
drained 76 years ago. Subsurface soil samples were removed 
by digging 10 cm pits along a transect, as before, and 
placing each stratum into a labelled plastic bag. The 0-5 
cm, 5-10 cm, 10-15 cm, 15-20 cm, 20-25 cm, 25-30 cm, and 30-
35 cm layers were sampled. Again, each of the composited 
samples was homogenized and reduced to a transportable volume 
(6-8 1). 
Processing of Samples 
All samples were stored in a cold (4 oC) room for 2 weeks 
until greenhouse space was available. Each sample was mixed 
and sieved to remove all litter, roots, and tubers. Two 19.5 
x 19.5 x 6 cm flats per basin were each filled with 1.5 
liters of sieved soil. The flats were placed on greenhouse 
benches in a randomized complete block design, with 16 flats 
containing sterile soil interspersed to measure greenhouse 
contamination. Flats were watered twice daily. 
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Typically in studies of this nature, seedlings are 
regularly removed from the flats, to minimize interference 
among seedlings. However, because of the large number of 
species potentially found in seed bank samples from such a 
broad geographic region, most seedlings here were grown to a 
larger, more identifiable size. Some flowering individuals 
were removed and pressed to serve as vouchers for later 
identification of like seedlings. Plants that died during 
the study were removed. At the end of 3 months, the 
germination study was terminated. All seedlings were 
identified and counted in each flat at that time. For 
analysis, germination results from a site's two flats were 
combined. 
Growing Conditions 
Percent soil moisture was determined for 12 randomly 
selected flats to characterize the samples' growing 
conditions. Because of the destructiveness of this 
procedure, it was done at the end of the germination study. 
Soil samples were removed from each of the 12 flats before 
and shortly after watering. The samples were weighed, dried 
to constant weight (4-5 days at aooc) , and weighed again. 
water content was expressed as percent of dry weight (Brady 
1974) • 
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Electrical conductivity was determined for soil from all 
sites. Subsamples of soil which was not used in the 
germination study were dried in an oven to constant weight. 
Fifty grams of dry soil was mixed thoroughly with 250 ml of 
deionized water (Nelson 1954). The electrical conductivity 
of this mixture at 2SoC was measured with a Markson 
ElectroMark Analyzer. At the end of the germination study, 
subsamples from selected flats were tested to observe any 
change in electrical conductivity due to water regime. 
subsamples were taken from 12 randomly selected flats and 
treated as above. 
Seed Identification 
Seedlings that germinate from the seed bank in 
greenhouse conditions do not always accurately reflect the 
seed bank's actual composition (Pederson 1983, Smith and 
Kadlec 1983, Thompson and Grime 1979, Whipple 1978). To 
investigate this, 500 cm3 subsamples from some soil samples 
were washed through a series of sieves, and the seeds were 
collected by hand from each sieve. Seeds which were visibly 
damaged were removed. Samples used for this included 
Minnesota basins drained in 1910 (including profile samples), 
1973, 1980, 3 undrained wetlands, and a basin which had been 
restored for 2 years after 40 years of drainage and 
cUltivation. Seeds were identified using Montgomery (1977), 
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Martin and Barkley (1961), and the Iowa state University Seed 
Purity Laboratory seed herbarium. 
The seeds were germinated at alternating 20o -30o C 
temperature on blotters. Petri dishes containing Amaranthus 
samples were covered with foil, as seeds of this genus 
germinate best in darkness (Association of Official Seed 
Analysts 1986). A seed was counted as germinated when its 
plumule emerged. After 3 weeks a tetrazolium test 
(Tetrazolium committee of the International Seed Testing 
Association 1985) was performed on ungerminated seeds to 
determine their viability. Numbers of seeds found to be 
viable using the tetrazolium test were combined with those of 
the growth chamber germination test. 
Vegetation Sampling 
The vegetation of each basin from which a seed bank 
sample was taken was examined in August 1986. The releve' 
method (Mueller-Dombois and Ellenberg 1974) was used. 
Percent cover of each species in the entire site was 
estimated by the cover classes in Table 2. Specimens of each 
species encountered were collected and pressed for later 
identification. 
The vegetation of six drained sites and 1 undrained site 
could not be sampled. By this time of the year crops were 
tall enough to prevent relocation of the sites, or grain 
20 
Table 2. Cover classes used to estimate abundance of 
standing vegetation in the sites 
Cover Class Percentage Cover 
1 sparse (less than 
2 1-5 
3 6-15 
4 16-25 
5 26-50 
6 51-75 
7 76-95 
8 96-100 
1) 
21 
crops would have been trampled. Other sites had been 
recently disced, leaving no vegetation. The vegetation of 46 
drained sites and 29 undrained sites was sampled. 
Nomenclature 
Nomenclature follows Fassett (1957) for Eguisetum, 
Riccia, and Ricciocarpus, The Great Plains Flora Association 
(1986) for Iris, Cirsium, Scirpus, Polygonum, Cyperus, and 
the Labiatae, and Gleason (1952) for all other taxa. 
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RESULTS 
Growing Conditions 
Greenhouse daily maximum temperatures ranged from 22 0 C 
to 36oC, while daily minimum temperatures ranged from l50 C to 
23 0 C (Figure 1). The percentage soil moisture for the 12 
pre-watering seed bank samples ranged from 48.0% to 81.8% 
(mean=65.4%) , while the recently watered samples ranged from 
49.3% to 85.0% (mean=68.1%). 
Soil conductivities of the Iowa seed bank samples ranged 
from 13.5 mS/m to 65.0 mS/m, and were most frequently near 
25.0 mS/m. Samples from the North Dakota sites were 
clustered between 20.0 mS/m and 80.0 mS/m, but there was a 
single site with each of the following conductivities: 
120.0, 170.0, and 460.0 mS/m. The basins from which these 
North Dakota samples were taken had been drained for 0 
(undrained), 26, and 16 years, respectively. Two sites, 
drained for 16 and 21 years, had conductivities of 230.0 
mS/m. Similarly, the conductivities of the Minnesota samples 
were clustered between 10.0 mS/m and 70.0 mS/m, with single 
representatives at 91.0, 13.0, and 270.0 mS/m, and 2 sites at 
160.0 mS/m. These high conductivity samples came from sites 
which had been drained for 0 (undrained), 19, 76: 0, and 0 
years, respectively. In general, maximum values for soil 
23 
F
ig
ur
e 
1.
 
D
ai
ly
 m
ax
im
um
 a
n
d 
m
in
im
um
 g
re
en
ho
us
e 
a
ir
 
te
m
pe
ra
tu
re
s 
du
ri
ng
 t
he
 s
e
e
d 
ge
rm
in
at
io
n 
te
s
t,
 
19
86
 
o 
n 
24 
o 
N 
L() o 
w 
z 
::::> 
~ 
25 
conductivity were highest in North Dakota sites and lowest in 
Iowa sites. Minimum values were lowest in Minnesota sites 
and highest in North Dakota sites. 
In 9 of the 12 samples retested at the end of the 
growing period, the conductivity had increased by 5% to 300% 
of the original reading. The remaining 3 samples decreased 
in conductivity by 15%, 19%, and 57%. This indicates a 
change in the chemical composition of the soil solution over 
the course of the experiment, presumably due to the watering 
regime imposed upon the soil samples. 
Number of Species 
Geographical Distribution of 
Species in the Seed Bank 
Results of correlating soil conductivity with number of 
species present in a site were varied. In Iowa sites a 
positive correlation was found (r=0.46, p<0.02, n=26). North 
Dakota sites exhibited a negative relationship (r=-0.50, 
p<O.Ol, n=28). No relationship was found between 
conductivity and number of species in Minnesota sites 
(r=0.14, p<0.35, n=46). The negative relationship in North 
Dakota sites is likely due to the overall higher conductivity 
of these soils; the soil conductivity was likely high enough 
to exclude some species. (Plants growing in saline soils may 
not be able to obtain water from a soil of negative water 
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potential, or may experience nutritional imbalances or high 
concentrations of potentially toxic ions (Etherington 1982).) 
The positive correlation in Iowa sites may reflect the 
abundance of ionic nutrients in the soil. 
For ease in analysis, basins were placed in groups 
according to duration of drainage. For example, basins 
initially drained between 1960 and 1969 were collectively 
referred to as the 20 year duration group. 
Figure 2 displays the average number of species in the 
seed bank per site with respect to duration of drainage. The 
species lists used in the calculations included all species 
encountered in the seed bank samples, i.e., aquatic as well 
as terrestrial native and weedy species. The North Dakota 
sites showed a slight increase in the 20 and 30 year basins, 
but the overall trend was toward fewer species in basins 
drained for longer periods. At 5 years after drainage, North 
Dakota sites have 16% fewer species than did the undrained 
North Dakota basins. Corresponding Minnesota sites declined 
by 52%, when compared to the undrained sites. At 10 years 
after drainage, Iowa sites had declined by 44%, North Dakota 
sites by 73%, and Minnesota sites by 52%, compared to their 
respective undrained sites. 
A geographical difference was also apparent, although 
tests of significance of these differences were not feasible, 
due to sparse representation of each site type and to empty 
site types, e.g., few wetlands were drained in Iowa 5 years 
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ago. In each duration group, with one exception, the average 
number of species for Iowa sites was consistently higher than 
that of North Dakota and Minnesota. The exception was that 
the 70 year Minnesota basins have 2 more species, on the 
average, than did the 70 year Iowa sites. North Dakota and 
Minnesota longer-duration sites cannot be compared, due to 
missing duration categories, but the undrained sites in North 
Dakota and Minnesota showed a nearly equal average number of 
species. Figure 2 also showed 4 more species, on the 
average, in North Dakota 5 year sites than in Minnesota 5 
year sites. Over 3 more species, on the average, occured in 
Minnesota 10 year sites than in North Dakota 10 year sites. 
It is not known if these differences in number of species per 
site are real or merely random. 
Distribution of Species 
Table 3 shows the geographical distribution and 
constancy of selected species (those species commonly found 
in the wetlands in the regions studied) in the seed banks of 
the different basin types. That some species do not occur in 
some areas is evident. For instance, Beckmannia syzigachne, 
Elatine triandra, Gratiola neglecta, Juncus bufonius, and 
Juncus longistylis were not observed in Iowa seed banks. 
Lemna trisulca, Panicum capillare, and Polygonum 
pensylvanicum were not found in North Dakota seed banks, but 
did occur in the standing vegetation. Likewise, Ammannia 
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coccinea, Lycopus asper, and Mentha arvensis did not 
germinate from Minnesota sites' seed banks, although the 
latter two species were represented in the standing 
vegetation. 
certain species were found in the seed banks of only one 
study area. Eleocharis engelmannii and Sparganium eurycarpum 
were found only in Minnesota seed banks, and only in a few 
sites. However,~. eurycarpum was found in the standing 
vegetation of some Iowa and North Dakota undrained wetlands 
(Table 40), and is a difficult species to germinate in the 
greenhouse (van der Valk and Davis 1978). Penthorum 
sedoides, Leersia oryzoides, and a Polygonum species were 
only found in Iowa seed banks. The latter 2 species were, 
however, observed in the standing vegetation of some basins 
in the other study areas. Limosella aguatica and Lycopus 
americanus were unique to the North Dakota seed banks, but ~. 
americanus was found in the standing vegetation in basins of 
the other states. 
Conversely, 19 of the 40 taxa in Table 3 were 
represented in all three study areas: Alisma plantago-
aguatica, Carex spp., Echinochloa crusgalli, Eleocharis 
acicularis, Eleocharis spp., Juncus spp., Lemna minor, 
Lindernia dubia, Polygonum lapathifolium, Ranunculus 
sceleratus, Riccia fluitans, Ricciocarpus natans, Rorippa 
islandica, sagittaria cuneata, Scirpus fluviatilis, Scirpus 
38 
validus, sium suave, Spirodelia polyrhiza, and Typha 
angustifolia. 
Geographical Patterns in Seed Density 
Geographically, seed densities varied (Tables 4a-4p). 
In some species, (Juncus spp., Polygonum lapathifolium, 
Rorippa islandica, and Scirpus fluviatilis) densities were 
higher in Iowa, the southernmost study area, than in the 
northern areas. For other species (Alisma plantago-aguatica, 
Echinochloa crusgalli, Eleocharis acicularis, and Gratiola 
neglecta), densities were higher in the northern areas than 
in Iowa. Lindernia dubia, Ricciocarpus natans, Scirpus 
validus, and Typha angustifolia had mixed patterns. Juncus 
longistylis, Ranunculus sceleratus, Rumexmaritimus, and 
Sparganium eurycarpum could not be analyzed because of their 
limited geographical occurrences. 
Seed Longevity 
The seed longevity characteristics of some species can 
be ascertained from Table 3. Species which are present in 
undrained wetlands but do not appear in seed banks of basins 
drained for any duration either may be assumed to have low 
seed longevity or had seeds in a dormant or quiescent state. 
Leersia oryzoides, Lerona trisulca, Lycopus asper, Mentha 
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Table 4a. Distribution and seed densities of Alisma 
plantago-aguatica in the seed bank and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in Standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 7 160 40 40 26 3 
26 13 13 
10 4 1 53 0 
40 5 
70 6 
North 
Dakota 
0 9 7 200 92 53 40 3 
26 26 13 
5 4 1 13 0 
10 5 
20 5 
30 5 
Minnesota 
0 10 5 100 80 80 5 
40 26 
5 5 1 40 0 
10 5 
20 4 1 26 0 
70 4 
40 
Table 4b. Distribution and seed densities of Echinoch1oa 
crusga1li in the seed bank and standing vegetation 
of undrained and drained wetlands 
Occurrence 
Occurrence in Standing 
Basins in Seed Bank Densitie~ Vegetation 
sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 2 53 26 4 
10 4 3 13 13 13 0 
40 5 1 145 1 
70 6 
North 
Dakota 
0 9 1 
5 4 2 40 26 2 
10 5 1 13 1 
20 5 3 120 80 26 1 
30 5 4 80 66 2 
40 13 
Minnesota 
0 10 5 240 220 200 6 
160 26 
5 5 1 26 4 
10 5 1 40 3 
20 4 2 200 90 4 
70 4 1 26 2 
41 
Table 4c. Distribution and stem densities (not single 
individuals) of Eleocharis acicularis in the seed 
bank and standing vegetation of undrained and 
drained wetlands 
o 
10 
40 
70 
North 
Dakota 
o 
5 
10 
20 
30 
Minnesota 
o 
5 
10 
20 
70 
Basins 
Sampled 
11 
4 
5 
6 
9 
4 
5 
5 
5 
10 
5 
5 
4 
4 
Occurrence 
in Seed Bank 
(# of basins) 
1 
4 
3 
1 
3 
3 
1 
Densitie~ (stems/m ) 
5300 
29000 12000 
9400 4500 
14000 3100 
1100 
8300 
8000 7500 
960 
Occurrence 
in Standing 
Vegetation 
(# of basins) 
o 
o 
o 
o 
3 
23000 8500 4000 o 
14000 o 
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Table 4d. Distribution and seed densities of Gratiola 
neglecta in the seed bank and standing vegetation 
of undrained and drained wetlands 
o 
10 
40 
70 
North 
Dakota 
o 
5 
10 
20 
30 
Minnesota 
o 
5 
10 
20 
70 
Basins 
Sampled 
11 
4 
5 
6 
9 
4 
5 
5 
5 
10 
5 
5 
4 
4 
Occurrence 
in Seed Bank 
(# of basins) 
3 
4 
1 
2 
2 
1 
1 
Densitie~ 
(seeds/m ) 
160 100 66 
Occurrence 
in Standing 
Vegetation 
(# of basins) 
o 
920 300 170 13 o 
26 o 
26 13 o 
40 13 o 
53 o 
40 
43 
Table 4e. Distribution and seed densities of Juncus 
longistylis in the seed bank and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in Standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 
10 4 
40 5 
70 6 
North 
Dakota 
0 9 2 550 90 0 
5 4 3 100 53 40 0 
10 5 1 13 0 
20 5 1 66 0 
30 5 1 53 0 
Minnesota 
0 10 
5 5 1 13 0 
10 5 2 260 130 0 
20 4 
70 4 
44 
Table 4f. Distribution and seed densities of Juncus spp. in 
the seed bank and standing vegetation of undrained 
and drained wetlands 
o 
10 
40 
70 
North 
Dakota 
o 
5 
10 
20 
30 
Minnesota 
o 
5 
10 
20 
70 
Basins 
Sampled 
11 
4 
5 
6 
9 
4 
5 
5 
5 
10 
5 
5 
4 
4 
Occurrence 
in Seed Bank 
(# of basins) 
Densitie~ 
(seeds/m ) 
7 580 420 320 120 
80 80 66 
3 130 80 40 
1 13 
1 40 
1 13 
1 26 
2 26 13 
1 13 
Occurrence 
in Standing 
Vegetation 
(# of basins) 
1 
o 
o 
o 
o 
o 
o 
o 
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Table 4g. Distribution and seed densities of Lindernia dubia 
in the seed banks and standing vegetation of 
undrained and drained wetlands 
o 
10 
40 
70 
North 
Dakota 
o 
5 
10 
20 
30 
Minnesota 
o 
5 
10 
20 
70 
Basins 
Sampled 
11 
4 
5 
6 
9 
4 
5 
5 
5 
10 
5 
5 
4 
4 
Occurrence 
in Seed Bank 
(# of basins) 
4 
1 
1 
1 
1 
2 
3 
2 
1 
Densitie~ 
(seeds/m ) 
830 130 
100 40 
240 
40 
320 
13 
230 13 
1100 720 120 
260 13 
26 
Occurrence 
in standing 
vegetation 
(# of basins) 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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Table 4h. Distribution and seed densities of Polygonum 
lapathifolium in the seed banks and standing 
vegetation of undrained and drained wetlands 
o 
10 
40 
70 
North 
Dakota 
o 
5 
10 
20 
30 
Minnesota 
o 
5 
10 
20 
70 
Basins 
Sampled 
11 
4 
5 
6 
9 
4 
5 
5 
5 
10 
5 
5 
4 
4 
Occurrence 
in Seed Bank 
(# of basins) 
4 
2 
1 
1 
3 
2 
2 
1 
3 
1 
Densitie~ 
(seeds/m ) 
330 120 40 13 
90 13 
13 
53 
130 90 13 
40 26 
13 13 
26 
700 13 13 
100 
Occurrence 
in Standing 
Vegetation 
(# of basins) 
1 
2 
1 
1 
1 
o 
o 
3 
2 
2 
2 
3 
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Table 4i. Distribution and seed densities of Ranuncu1us 
sce1eratus in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in Standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 1 13 2 
10 4 
40 5 
70 6 
North 
Dakota 
0 9 2 13 13 1 
5 4 
10 5 
20 5 1 78 0 
30 5 1 13 0 
Minnesota 
0 10 3 13 13 13 2 
5 5 
10 5 
20 4 
70 4 
48 
Table 4j. Distribution and propagu1e densities of 
Ricciocarpus natans in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in Standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (prop./m ) (# of basins) 
Iowa 
0 11 3 220 40 13 3 
10 4 2 970 120 0 
40 5 2 26 13 0 
70 6 1 13 0 
North 
Dakota 
0 9 3 250 130 26 0 
5 4 1 100 0 
10 5 
20 5 3 53 26 13 0 
30 5 5 740 660 250 0 
92 13 
Minnesota 
0 10 4 200 53 40 40 1 
5 5 1 13 0 
10 5 3 260 66 13 0 
20 4 1 26 0 
70 4 1 40 0 
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Table 4k. Distribution and seed densities of Rorippa 
islandica in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 6 200 180 53 0 
26 13 13 
10 4 1 13 0 
40 5 1 13 0 
70 6 
North 
Dakota 
0 9 2 13 13 1 
5 4 2 53 26 1 
10 5 
20 5 
30 5 1 40 0 
Minnesota 
0 10 5 80 26 26 1 
13 13 
5 5 2 26 26 0 
10 5 1 26 0 
20 4 1 13 0 
70 4 
50 
Table 41. Distribution and seed densities of Rumex maritimus 
in the seed banks and standing vegetation of 
undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 
10 4 
40 5 
70 6 
North 
Dakota 
0 9 3 40 26 13 0 
5 4 2 130 13 0 
10 5 
20 5 1 26 0 
30 5 2 120 26 0 
Minnesota 
0 10 2 100 53 0 
5 5 
10 5 
20 4 
70 4 1 410 0 
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Table 4m. Distribution and seed densities of Scirpus 
fluviatilis in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 6 800 290 240 8 
180 40 13 
10 4 3 80 40 13 0 
40 5 1 
70 6 
North 
Dakota 
0 9 5 250 40 40 4 
40 13 
5 4 
10 5 
20 5 
30 5 1 26 
Minnesota 
0 10 5 80 26 13 13 13 6 
5 5 4 
10 5 1 66 5 
20 4 2 
70 4 1 
52 
Table 4n. Distribution and seed densities of Scirpus validus 
in the seed banks and standing vegetation of 
undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 8 145 80 80 40 9 
40 26 13 13 
10 4 2 40 26 0 
40 5 
70 6 
North 
Dakota 
0 9 1 13 1 
5 4 1 
10 5 
20 5 
30 5 
Minnesota 
0 10 8 240 130 80 40 5 
40 13 13 13 
5 5 
10 5 4 120 80 26 13 1 
20 4 1 66 0 
70 4 1 
53 
Table 40. Distribution and seed densities of Sparganium 
eurycarpum in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 2 
10 4 
40 5 
70 6 
North 
Dakota 
0 9 2 
5 4 
10 5 
20 5 
30 5 
Minnesota 
0 10 2 66 26 5 
5 5 
10 5 1 13 0 
20 4 1 40 0 
70 4 
54 
Table 4p. Distribution and seed densities of Typha 
angustifolia in the seed banks and standing 
vegetation of undrained and drained wetlands 
Occurrence 
Occurrence in standing 
Basins in Seed Bank Densitie~ Vegetation 
Sampled (# of basins) (seeds/m ) (# of basins) 
Iowa 
0 11 4 250 100 92 13 4 
10 4 2 80 13 0 
40 5 1 26 1 
70 6 
North 
Dakota 
0 9 6 130 100 40 6 
26 13 13 
5 4 1 26 1 
10 5 5 150 80 80 53 13 0 
20 5 4 53 40 26 26 0 
30 5 4 40 26 13 13 0 
Minnesota 
0 10 9 580 100 100 66 55 6 
40 40 26 13 
5 5 3 55 40 13 1 
10 5 5 100 92 80 26 26 0 
20 4 4 100 66 53 40 0 
70 4 4 130 120 80 13 1 
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arvensis, Scirpus acutus, Scirpus americanus, and Spirodelia 
polyrhiza fall into such a category (Table 3). 
Carex spp., Lemna minor, Penthorum sedoides, Panicum 
capillare, Riccia fluitans, sagittaria cuneata, sium suave, 
and Ammannia coccinea exhibited some degree of longevity, but 
each was found in only one basin. The grouping Eleocharis 
spp. included specimens which could not be designated as any 
one species. Some Eleocharis engelmannii may be included in 
Eleocharis spp. Considered together, seeds of Eleocharis 
spp. and Eleocharis engelmannii also show some longevity. 
sixteen species exhibited a high degree of longevity 
with respect to drainage and cUltivation (Tables 4a-4p). 
These species can be grouped by their persistence in drained 
seed banks. After 20 years, Alisma plantago-aguatica, 
Eleocharis acicularis, Scirpus validus, and Sparganium 
eurycarpum are no longer represented in the seed banks. Past 
30 years, Gratiola neglecta, Juncus longistylis, Ranunculus 
sceleratus, and Scirpus fluviatilis have no seed bank 
representation. (The first three of these four species are 
best represented in the North Dakota basins, the oldest of 
which was drained only 30 years. Perhaps if basins of longer 
duration in North Dakota could have been sampled, more 
complete longevity information could have been obtained. 
However, where these species were represented in the other 
study areas, they were not present in the seed banks of 
basins drained for more than 30 years.) Juncus spp. and 
56 
Rorippa islandica are not represented in seed banks of 
wetlands drained for more than 40 years. 
On the other hand, six species were consistently 
represented in seed banks, regardless of duration of 
drainage: Echinochloa crusgalli (lA, NO, MN), Lindernia 
dubia (lA, MN), Polygonum lapathifolium (NO, MN), 
Ricciocarpus natans (lA, NO, MN), Rumex maritimus (NO, MN), 
and Typha angustifolia (NO, MN). 
Seed Density Patterns in 
Relation to Duration of Drainage 
Among the basins of each of the three study areas, a 
difference in the densities of seeds is apparent (Tables 4a-
4p) . (Inferences of seed density differences based on these 
data, however, are limited in that the densities given 
sometimes reflect occurrences of single or few germinants.) 
Alisma plantago-aguatica, Gratiola neglecta, Juncus spp., and 
Scirpus validus showed a general decrease in seed density 
with increasing duration of drainage in all study areas. 
Other species showed such a trend in certain study areas, but 
show different behavior at other study areas: Juncus 
longistylis and Eleocharis acicularis in North Dakota (see 
caption for Table 4c), Lindernia dubia and Typha angustifolia 
in Iowa and North Dakota, polygonum lapathifolium and Scirpus 
fluviatilis in Iowa, and Ranunculus sceleratus and Rorippa 
57 
islandica in Iowa and Minnesota. Echinochloa crusgalli and 
Rumex maritimus showed an increase in seed density with 
increasing duration of drainage. Species density behavior of 
the remaining duration and study area groups are mixed; 
increases and decreases in density do not appear to be 
related to duration of drainage. This includes Eleocharis 
acicularis, Juncus longistylis, and Lindernia dubia in 
Minnesota, Ranunculus sceleratus and Rorippa islandica in 
North Dakota, Polygonum lapathifolium, Scirpus fluviatilis, 
and Typha angustifolia in North Dakota and Minnesota, and 
Ricciocarpus natans and sparganium eurycarpum in all areas in 
which they were present. 
Viability and Longevity of.Seeds 
in Sieved Samples 
Table 5 displays percent seed germination in the seed 
sieving and controlled environment germination experiment. 
Where seeds of aquatic species were found in samples from 
undrained and drained sites, a decrease in seed density is 
evident. This presumably means a decrease in seed viability 
with time since drainage. Percent germination of Alisma 
plantago-aguatica decreased from 20%-34% in undrained sites 
to 0% in the 13 year site. Seed density also decreased in 
the drained site, compared to the undrained sites. Percent 
germination of Eleocharis acicularis dropped from 32% and 51% 
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63 
in undrained sites to 13% in a site drained for 13 years. 
Seed density also dropped from 206 and 178 seeds per 500 cm3 
of soil to 16 seeds. The density of Eleocharis engelmannii 
also dropped, leaving too few seeds to obtain a reasonable 
viability estimate (the single seed that was found was 
viable). Scirpus acutus, ~. fluviatilis, and ~. validus also 
showed a slight decrease in seed density and viability with 
increasing duration of drainage. 
Species that can survive moist conditions and 
cUltivation (as seen in Tables 4a-4p), especially Echinochloa 
crusgalli and Polygonum lapathifolium, were represented in 
nearly all sites in Table 5. In the restored site, 
Echinochloa had the same results as in one undrained site, 
and had a higher density (but a lower percent germination) 
than had another undrained site. Similar results were seen 
for setaria sp. (Table 5). Polygonum lapathifolium showed 
its peak viability in the 6 year site and peak density in the 
13 year site. 
sites that had the lowest number of species also had the 
lowest number of seeds. The number of seeds found in the 13 
year site was close to that of one of the undrained sites, 
primarily due to the high density of E. lapathifolium seeds. 
The restored site had more seeds in 500 cm3 of soil than did 
2 of the three undrained sites sampled. Its number of 
species was also similar to two of the undrained sites. 
64 
However, only six of its species may be considered desirable 
wetland species. 
Seed Bank Profile 
Table 6 shows seed bank germination results of the 
profile samples taken from 3 Minnesota basins (basin numbers 
56, 63, and 70) drained for 76 years (sample numbers 56-62, 
63-69, and 70-76). Lindernia dubia, Ricciocarpus natans, and 
Typha angustifolia were present in all profile layers, 
although not in all three basins. Typha angustifolia showed 
a decline in seed density with depth. Ricciocarpus natans 
increased with depth. Riccia fluitans was present in all but 
the top two layers. Polygonum lapathifolium was present to 
25 cm. Rorippa islandica was only represented once, in the 
10-15 cm layer. Eleocharis acicularis occurred in the 25-30 
cm layer of basin 56, but because of its rapid vegetative 
growth, number of stems was counted instead of number of 
individual plants. For this reason, the species is not 
included in the table. The density of its stems was 325 
stems/m2 . 
No overall trend is evident in the number of species 
with respect to depth. The number of seedlings, however, 
generally decreased below 15 cm. The fewest seeds germinated 
from the 30-35 cm layer (Table 6). (Numbers of seeds 
reported in Table 6 are given in seeds/m2 . These data 
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sometimes reflect occurrences of only one or two actual 
germinants.) 
When soil samples of basin 56 (sites 56-62), 
representing profile layers, were sieved, no wetland species 
were found. Among the agricultural weed seeds found 
(Amaranthus, Chenopodium, Setaria, Silene, Solanum, Iva, 
Oxalis, and Phleum), low viability (0%-50%) was noted. 
Seed Bank and Standing 
Vegetation Comparison 
A site's seed bank does not necessarily reflect its 
standing vegetation. Table 7 shows the result of Spearman 
rank correlations of 72 of the 82 sites. (Ten sites were 
excluded because either nothing grew from the seed bank or 
the site's standing vegetation was not sampled.) The species 
lists of the seed bank and of the standing vegetation of each 
site were separately ranked by density and cover, 
respectively. 
The mean rank correlation coefficient for the undrained 
sites is slightly higher than the mean for all 72 sites. The 
mean coefficient decreased sharply for the 5 year sites, then 
increased with increasing duration of drainage. This pattern 
combined with the generally low correlation coefficients 
indicates a vast difference between the seed bank and 
standing vegetation, especially of recently drained sites. 
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Table 7. Spearman rank correlation coefficients for the 
potential (seed bank) and actual (standing) 
vegetation of the sites in each site type. 
Species in each site were ranked by cover (standing 
vegetation) and density (seed bank) 
Duration 
of 
Drainage 
All sites 
0 
5 
10 
20 
30 
40 
70 
N 
72 
29 
9 
14 
6 
3 
3 
8 
Number of 
significant 
correlations 
(p<0.05) 
44 
21 
3 
4 
5 
3 
2 
6 
Mean High Low 
0.20 0.71 0.00 
0.23 0.46 0.01 
0.09 0.34 0.00 
0.13 0.51 0.00 
0.19 0.51 0.00 
0.22 0.49 0.11 
0.35 0.40 0.26 
0.29 0.71 0.00 
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Sorensen community coefficients (Table 8), which compare 
presence of species in each site's standing vegetation with 
its seed bank composition, show a trend similar to that of 
the rank correlation results. Compositional similarity of 
undrained sites is low; least similarity is seen in the 
recently drained sites. Similarity generally increases with 
increasing duration of drainage. 
Establishment of aquatic species in a recently drained 
and cultivated wetland will be suppressed by such 
disturbance, while cosmopolitan weedy species in the seed 
bank may become established in the vegetation. The aquatic 
species present in the seed bank may become established under 
appropriate conditions, as in the soil samples grown in the 
greenhouse, but cannot become established under drainage and 
cUltivation. with increasing duration of drainage, the 
aquatic seeds die and seeds of weedy and terrestrial species 
increase in the seed bank. The latter species, however, may 
not be expressed in the simulated mudflat conditions under 
which the seed bank samples were grown. The species that are 
able to persist in the cultivated soil are mainly 
agricultural weeds. Thus, the mean rank correlation 
coefficients increased with greater durations of drainage, 
indicating an increase in the similarity of the two data 
sets. The low rank correlation coefficient of the undrained 
wetlands may be due, in part, to the vegetative growth habit 
of species in the standing vegetation. These species may 
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Table 8. Sorensen coefficients of community, comparing 
presence of species in a site's seed bank and 
standing vegetation. Coefficient of community = 
[(2xc)/(a+b)] x 100, where a = number of species in 
the seed bank, b = number of species in the 
standing vegetation, and c = number of species 
occurring in both the standing vegetaion and the 
seed bank (shared species) 
Mean Standard 
Duration Number Coefficient Error of 
Group of Basins of Community the Mean 
All Sites 73 23.43 1.94 
0 28 29.56 1.82 
5 9 12.19 3.38 
10 14 15.42 4.17 
20 6 20.50 7.71 
30 3 18.73 4.94 
40 4 38.00 15.32 
70 9 25.08 7.97 
75 
crowd out species that may otherwise establish from the seed 
bank. 
The seed bank alone does not adequately estimate a 
site's relict aquatic vegetation, because of the presence in 
the basin of plant parts capable of vegetative reproduction, 
such as roots, rhizomes and tubers. (Such plant parts were 
removed from the samples grown in the greenhouse.) For 
example, Scirpus fluviatilis and Scirpus validus were 
represented in the standing vegetation of most duration 
groups (Tables 4m and 4n), but were not always found in the 
seed bank samples. Such occurrences may be attributed to 
root and rhizomal growth. Therefore, a view of the seed bank 
and standing vegetation combined may provide a more complete 
estimate of a site's revegetative potential. Figure 3 shows 
the average number of spec~es which occurred either in a 
site's seed bank or in its standing vegetation. The species 
lists for the sites included all noncrop species encountered. 
This extended view of the relict aquatic vegetation increased 
the average number of species per site (as seen in Figure 2) 
by nearly twofold for almost all duration categories. 
A general decrease in the average number of species per 
site with time since drainage is seen for all site groupings, 
especially in the Iowa and Minnesota sites. The North Dakota 
data are more complete for sites of shorter duration. These 
data show a decrease in the average number of species from 
undrained sites to the 10 year sites. The average for the 
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North Dakota sites decreased sharply between the 5 and 10 
year sites, then increased in the 20 and 30 year sites. Iowa 
sites showed a steady decrease in number of species with 
increasing duration of drainage. The Minnesota sites 
exhibited a sharp decline at the 5 year category, followed by 
a slight increase in the 10 year basins, followed by a 
decrease in the longer-duration basins. Tests of 
significance were not feasible, due to sparse representation 
of each site type and to empty site types. 
At 5 years of drainage, the extended view (seed bank and 
standing vegetation information combined) shows a 38% decline 
in the average number of species per basin in the North 
Dakota sites and a 58% decline in the Minnesota sites, when 
compared to the average number of species per basin found in 
~he respective regions' undrained wetlands. At 10 years of 
drainage, Iowa sites drop by 67%, North Dakota sites by 79%, 
and Minnesota sites by 54%, i.e., the loss of species is 
greatest in the first 5-10 years after drainage. 
Geographically, the Iowa undrained sites have a higher 
average number of species per site than do the corresponding 
North Dakota and Minnesota sites. In contrast, the tendency 
of Iowa sites of all durations to have a consistently greater 
number of species per basin than basins in the other sampling 
areas, apparent in the seed bank (Figure 2), is ~ot seen when 
the standing vegetation is considered with the seed bank. 
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Minnesota 10 year and 70 year basins had more species per 
basin than did the corresponding Iowa sites. 
As in the seed bank, the extended potential vegetation 
view shows a great contrast in the North Dakota and Minnesota 
5 and 10 year basins. At 5 years the North Dakota sites 
average 5.5 more species than the Minnesota sites. However, 
at 10 years the Minnesota sites have, on the average, 7 
species more than have the North Dakota sites. At 20 years 
the averages are similar. 
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DISCUSSION 
Inferences of seed bank composition from the data 
presented here are limited by two factors. First, the small 
volume of soil used in each greenhouse sample represents a 
much larger wetland basin (up to approximately 5 ha). Relict 
seeds of the former vegetation of the drained basins are 
likely to be sparse. The seed bank may be mis-represented by 
the soil samples, especially if the distribution of seeds is 
patchy. If the former boundaries of a drained wetland are 
not known, estimates of the boundaries based on soil moisture 
differences visible on aerial photographs will vary according 
to the season, recent precipitation, and cUltivation 
practices at the time the photos are taken. In such cases, 
random sampling methods are not appropriate. The line 
transect method used here assured that all zones of the 
former wetland were sampled. The number of 1 liter samples 
taken from a site depended on the basin's size. In this way, 
basins of different sizes were sampled proportionally. 
A second factor to consider is the low number of basins 
in each state and duration category, which was due to limited 
greenhouse space, a limited number of cooperating landowners, 
and the constraints of the narrow seasonal window for seed 
bank sampling. 
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Analysis of the data was limited by the above factors. 
Trends among and within study areas were sought, but 
statistical testing of significance was not possible. 
Species frequently encountered in the seed bank samples were 
singled out and their constancy and longevity characteristics 
examined. Infrequent species are included in the 
calculations of mean number of species per basin (Figure 2). 
How well greenhouse germination results represent the 
true seed bank species composition is not known, since 
species in the seed bank may not germinate under greenhouse 
conditions (van der Valk and Davis 1978). No additional 
aquatic species composition information was gained by sieving 
and removing seeds from seed bank samples. The volume of the 
samples sieved was small, but there was no indication that 
additional wetland species, not represented in the 
germination trials, would be found by searching through 
sieved samples. A greater volume of soil would have to be 
tested to determine whether additional species composition 
information can be gained from sieving soil in addition to 
germinating seed bank samples in the greenhouse. The 
technique of sieving and picking seeds is extremely tedious, 
but may help increase our understanding of germination 
characteristics and requirements. 
If species not found in the germination trial had been 
identified from the seed sieving, either the species had 
restrictive germination requirements or their pre-emerged 
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seedlings may not have been able to survive the moist soil 
conditions of the germination flats. That seeds of species 
seen in the germination trial were not found in the sieved 
samples may be attributed to sparse seed distribution within 
the basin. 
Geographic Trends in Seed Banks 
Johnson (1975) and Thompson (1978) reported a decrease 
in buried viable seed densities with increasing latitude, 
over a latitude range of about 300 • (Their reviews included 
studies from Massachusetts, North Carolina, Maine, British 
Columbia, Northwest Territories, Quebec, california, New 
Brunswick, and Oregon.) No such trend was -consistently seen 
in the present study, probably because only 60 of latitude 
separated the study areas. 
Most of the species examined here are found in the 
floras of all three areas. Geographic differences in species 
ranges, however, are reflected by distributions of species in 
the seed bank samples from the three study areas. For 
example, five species present in North Dakota and Minnesota 
were absent from the Iowa samples. This absence reflects 
their distributions within Iowa. Beckmannia syzigachne and 
Elatine triandra occur in northern and northwestern Iowa, 
respectively, but not in Story County in central Iowa 
(Lammers and van der Valk 1977, 1978), the region sampled 
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here. Gratiola neglecta occurs east, south, and north of 
story County, but is not reported from within the county. 
Juncus bufonius and Juncus longistylis do not occur in Iowa 
at all. The species found only in Iowa samples (Leersia 
oryzoides and Penthorum sedoides) are also known to occur in 
North Dakota and Minnesota (stevens 1963). 
Species not found in North Dakota samples (Lemna 
trisulca, Panicum capillare, and Polygonum pennsylvanicum) 
and Minnesota samples (Ammannia coccinea, Lycopus asper, and 
Mentha arvensis) are known to occur in those areas. Species 
found only in North Dakota samples included Limosella 
aguatica and Lycopus americanus. The former is listed 
neither in Iowa nor in west central Minnesota (Gleason 1952). 
The latter occurs in all three study areas. Eleocharis 
engelmannii, not found in Iowa, occurs in North Dakota and 
Minnesota, but was found only in Minnesota samples. 
In short, North Dakota and Minnesota seed banks include 
many of the same species and have some species not found in 
central Iowa samples. Similarly, the Iowa undrained sites 
included genera in their standing vegetation that were not 
seen in the other two study areas (Phyla, Lobelia, Glyceria, 
Pycnanthemum, Cyperus, Iris, and Eupatorium, for example) . 
These species, however, occurred too infrequently to be 
analyzed, other than to be included in the calculation of 
mean number of species per basin (Figure 2). 
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Effects of Drainage and Cultivation 
on Wetland Seed Bank Floras 
Changes in Species Composition 
The mean number of species that germinated from the seed 
banks of the basins decreased with increasing duration of 
drainage and cUltivation. Most of the change in average 
number of species present in the seed bank occurred in the 
first 20 years of drainage. 
Aquatic species no longer germinating from the viable 
seed banks of basins drained for more than 20 years included 
Alisma plantago-aguatica, Eleocharis acicularis, scirpus 
validus, and sparganium eurycarpum. Gratiola neglecta, 
Juncus longistylis, Ranunculus sceleratus, .and Scirpus 
fluviatilis occurred in basins drained as long as 30 years, 
and Juncus sp. and Rorippa islandica occurred in a few 40 
year sites. Species that survived drainage and cUltivation 
the longest included Echinochloa crusgalli, Lindernia dubia, 
Polygonum lapathifolium, Riccia natans, Rumex maritimus, and 
Typha angustifolia. These cultivation-hardy species were 
found in samples from 70 year basins. Scirpus fluviatilis, 
Scirpus validus, and Typha angustifolia were seen in the 
standing vegetation of 70 year basins, but seeds of only the 
latter germinated from the seed banks. 
The points at which species were no longer found in the 
relict seed banks (Tables 4a-4p) are not consistent from 
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state to state. For example, in Iowa sites, Polygonum 
lapathifolium (Table 4h) was not found in basins drained 
longer than 10 years. It occurred in 30 year basins in 
North Dakota and in a 70 year Minnesota basin. That seeds of 
the same species do not fall into the same longevity category 
on different sites and in different study areas may be due to 
the sampling of sparse or patchy aquatic seed populations, to 
the soil characteristics of the basins, or to cultivation 
frequency and timing (Roberts and Dawkins 1967). 
Changes in Seed Density 
A decline in seed density with duration of drainage was 
seen in all three study areas for four aquatic species. 
Eight species exhibited such a decline in one or two areas, 
and ten species showed no relation between density and 
duration in one or two areas. Seed densities of two species, 
Echinochloa crusgalli and Rumex maritimus, increased with 
duration of drainage. Time and cUltivation have been 
documented by others as factors controlling the rate of 
decline in seed density. Terrestrial studies have shown that 
decline of seed density progresses faster in plowed soils 
than in undisturbed soils (Roberts and Feast 1972, 1973, 
Roberts and Dawkins 1967, Froud-Williams et al. 1983, and 
others). In a study that monitored plots for 5 years, 
Roberts (1964) reported a progressive decline in numbers of 
seedlings emerging from cUltivated test plots. The overall 
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decline in seed density of aquatic species can be attributed 
to disturbance by cUltivation. 
A study of a northern Iowa undrained wetland (van der 
Valk and Davis 1979) reported seed densities as much as 20 
times higher than were seen in the undrained sites studied 
here. They reported maximum densities to be Alisma plantago-
aguatica 2400 seeds/m2 ; Leersia oryzoides 7800; Polygonum 
lapathifolium 3800; Scirpus validus 21,000; and Typha glauca 
10,000. The differences between the densities of seeds in 
their work and the undrained wetlands studied here are 
probably due to the regular thinning of germinants from the 
samples in their study. Such thinning likely reduces 
competition and stimulates further germination from the seed 
bank. Here, seedlings were allowed to grow in situ to ensure 
proper identification of the large number of species possible 
from the broad area sampled. Regular transplanting of new 
germinants from each sample would have demanded more space 
than was available in the greenhouse. To transplant only a 
few would have caused unequal treatment of samples. As a 
result, germinants were not removed unless they died. 
Because of this, the seed densities found here are probably 
low estimates of seed bank representation, but they still 
allow estimation of the relict seed bank flora. 
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Seed Bank Depth Profile 
Few species were found in the profile seed bank samples 
(0-35 cm) of three basins drained for 76 years. Perhaps due 
to the small number of samples processed for each basin and 
layer, or to repeated cultivation, no trends in number of 
species or number of viable seeds are apparent here. The 
Typha grown from the samples presumably was blown to the site 
from nearby marshes and was buried by cUltivation. 
In surveying the Eagle Lake, Iowa, seed bank depth 
profile, van der Valk and Davis (1979) found viable aquatic 
propagules of 12 species at depths to 35 cm. Although not 
all profile layers were sampled, an overall decrease in 
number of species with depth was apparent. _ In a freshwater 
tidal wetland, Leck and Graveline (1979) also found a 
significant decrease in species number with depth. In a 
terrestrial study, Froud-Williams et al. (1983) found no 
relationship between the composition of viable species and 
location in the profile, although some species were rapidly 
depleted through germination from the surface. 
van der Valk and Davis' (1979) data also showed an 
overall decrease in total number of viable seeds with depth, 
but even the deepest layers contained seed densities of at 
least 500 seeds/m2 . Leck and Graveline (1979) found a 
decrease in total number of seedlings which germinated from 
deeper tidal marsh profile samples, but determined that it 
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was not statistically significant. They postulated that the 
lack of a significant pattern in numbers of viable seeds 
through the profile supports previous theories that seed 
viability is prolonged in cool, moist soil conditions 
(Schafer and Chilcote 1970). In terrestrial studies, a trend 
of nonuniform distribution of seeds in profiles has been 
noted. Roberts and Feast (1972) and Moore and Wein (1977) 
reported a decrease in seedling numbers with depth. When 
Moore and Wein (1977) recovered ungerminated seeds from their 
samples, they found a greater number of seeds than those that 
germinated, "but the same pattern of seed distribution [with 
depth] was found for ungerminated seeds." None of the 
ungerminated seeds was viable. 
Seed Bank and Standing Vegetation Comparison 
Studies of the similarity between prairie wetland seed 
banks and standing vegetation compositions have yielded mixed 
results (van der Valk and Davis 1978, 1979). The low 
correlation between a site's seed bank and its standing 
vegetation indicate a need to consider both vegetation 
components when estimating the potential vegetation of a 
restored wetland. The mean rank correlations (Table 7) and 
coefficients of community (Table 8), used as indices of the 
similarity of the seed bank and standing vegetation floras, 
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indicate a peak similarity at 40 years of drainage. Past 
this, few viable aquatic seeds are likely to remain. 
Restoration of Drained Wetlands 
Relict aquatic seed banks in drained prairie wetlands 
can aid in revegetating a restored prairie wetland basin. 
However, the role of the relict seed bank declines as the 
duration of drainage increases. The species composition of a 
restored wetland depends largely on the aquatic seeds 
deposited before drainage and on the duration of drainage and 
cUltivation. 
In restoring wetland habitat at Ogden Bay Refuge, Utah, 
Nelson (1954) stated that nearly all plants in the marsh 
became established without artificial means. In fact, 
natural revegetation methods worked better than did 
artificial techniques. He reported, however, that Scirpus 
acutus showed a low capacity to revegetate by seed, and 
recommended that rootstocks be planted where the species is 
desired. 
Muenscher (1944) advised planting aquatic seeds in 
spring when attempting to establish vegetation. Migrating 
waterfowl, by late spring, have likely moved out of the area 
and will not destroy the seeds. If planted in the fall, 
seeds are likely to be eaten by wildlife or dispersed to 
areas unsuitable for germination by water level fluctuations, 
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currents, wind, or ice movements. He also said that once 
collected, seeds can be kept viable for years if stored in 
cold water (1-3 0 C). 
, 
In restoring older drained basins, such seed input may 
be necessary to establish aquatic vegetation. Waterfowl may 
also contribute to revegetation by transporting seeds of 
aquatic plants. Mallards and killdeer have been shown to 
retain ingested seeds for 8-10 hours (deVlaming and Proctor 
1968). Donor soil from an undrained marsh may also be 
applied to the site to be restored (Clewell 1981). 
The Mid-Continent Waterfowl Management Project (U.S. 
Fish and Wildlife Service MCWMP, Fergus Falls, MN) has 
restored 570 ha of prairie wetlands and 1380 ha of upland 
habitat since 1985 (Rick Dornfeld, U.S. Fish and Wildlife 
Service MCWMP, Fergus Falls, MN, 1987, personal 
communication). One restored basin, sampled in this study 
(basin 91), had been drained for 40 years. (The cost of 
restoring the 8 ha was $1160.) At the time of my sampling 
two years after restoration, 32 species, including emergent, 
submersed, mudflat annual, and some agricultural weed species 
were represented in the standing vegetation alone. The seed 
bank contained Echinochloa crusgalli, Lemna minor, Polygonum 
lapathifolium, Typha angustifolia, and weedy species. 
Waterfowl had moved into the new marsh habitat. 
These data and observations from the MCWMP indicate the 
availability of viable seeds of aquatic species in drained 
91 
and cUltivated wetland basins. These seeds could be used to 
revegetate the wetland if water levels were restored. 
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APPENDIX: LOCATIONS OF THE 82 1 BASINS 
Iowa sites 
site Duration2 County Township Range section Location3 
1 72 story 85N 22W 26 SE1/4 
2 71 story 84N 21W 3 SW1/4 
3 71 story 84N 21W 4 SE1/4 
4 66 story 82N 23W 36 SE1/4 
5 75 story 84N 23W 25 NE1/4 
6 66 story 84N 23W 13 SW1/4 
7 36 story 84N 22W 19 NE1/4 
8 46 story 84N 23W 24 SE1/4 
9 38 story 83N 23W 16 NE1/4 
10 43 story 83N 22W 28 NW1/4 (N) 
11 43 story 83N 22W 28 NW1/4 (S) 
12 9 story 83N 22W 33 NW1/4 (E) 
13 18 story 83N 22W 33 NW1/4 (W) 
14 10 story 84N 21W 32 NW1/4 
15 8 story 84N 22W 35 NW1/4 
16 0 story 83N 21W 11 NW1/4 
17 0 story 84N 23W 8 SW1/4 
18 0 story 84N 23W .8 SE1/4 
19 0 story 84N 21W 36 NW1/4 
20 0 story 84N 23W 21 SW1/4 
21 0 story 85N 24W 25 NE1/4 (W) 
22 0 story 85N 24W 25 NE1/4 (E) 
23 0 story 85N 24W 25 NE1/4 (S) 
1sites 57-62, 64-69, and 71-76 are profile samples of 
basins 56, 63, and 70, respectively, and are not listed as 
separate sites. 
2Duration refers to the basins' duration of drainage, 
i.e., number of years between initial drainage and 1986. 
Basins denoted as "0" are undrained wetlands. Basin 91, 
denoted as "restor." is a wetland that was restored from 
cropland in 1984. 
3Where more than one basin was sampled within a quarter 
section, the basins' locations are denoted as "N" (north 
basin), "s" (south basin), "E" (east basin), "w" (west 
basin), or "M" (middle basin). 
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Site Duration County Township Range Section Location 
24 0 story 84N 23W 31 NE1/4 
25 0 story 85N 24W 5 NW1/4 
26 0 story 84N 23W 34 SE1/4 
North Dakota sites 
Site Duration County Township Range Section Location 
27 28 Wells 146N 71W 26 SW1/4 (M) 
28 28 Wells 146N 71W 26 SW1/4 (E) 
29 28 Wells 146N 71W 26 SW1/4 (W) 
30 31 Wells 146N 71W 22 SE1/4 
31 31 Wells 146N 71W 22 NE1/4 
32 26 Wells 146N 71W 35 NW1/4 
33 26 Wells 146N 72W 30 NW1/4 
34 21 Wells 145N 70W 19 NE1/4 
35 26 Wells 145N 71W 3 SE1/4 (S) 
36 26 Wells 145N 71W 3 SE1/4 (N) 
37 16 Sheridan 146N 74W 14 SW1/4 (N) 
38 16 Sheridan 146N 74W 14 SW1/4 (W) 
39 16 Sheridan 146N 74W 14 SW1/4 (E) 
40 16 Sheridan 146N 74W 14 SW1/4 (M) 
41 16 Sheridan 146N 74W 14 NW1/4 
42 3 Wells 148N 70W 27 NE1/4 
43 3 Wells 148N 70W 26 NW1/4 
44 3 Wells 148N 70W 26 SW1/4 (N) 
45 3 Wells 148N 70W 26 SW1/4 (S) 
46 0 Wells 145N 72W 2 SW1/4 
47 0 Wells 145N 72W 14 SW1/4 
48 0 Wells 145N 70W 19 SE1/4 (N) 
49 0 Wells 145N 70W 19 SE1/4 (S) 
50 0 Wells 146N 72W 33 NW1/4 (N) 
51 0 Wells 146N 72W 33 NW1/4 (S) 
52 0 Wells 148N 70W 31 NE1/4 
53 0 Wells 148N 70W 31 SE1/4 
54 0 Wells 148N 70W 29 SW1/4 
Minnesota sites 
site Duration County Township Range section Location 
55 76 otter Tail 132N 43W 16 SW1/4 
56 76 otter Tail 131N 43W 8 NW1/4 (S) 
63 76 otter Tail 131N 43W 8 mH/4 (\-1) 
70 76 otter Tail 131N 43W 8 NW1/4 (E) 
77 18 otter Tail 131N 43W 26 NW1/4 
78 19 otter Tail 131N 43W 30 S\-11/4 
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Site Duration County Township Range Section Location 
79 20 otter Tail 131N 44W 36 NE1/4 
80 26 otter Tail 131N 44W 13 NE1/4 
81 16 otter Tail 131N 43W 8 NE1/4 (E) 
82 16 otter Tail 131N 43W 8 NE1/4 (W) 
83 13 otter Tail 131N 43W 8 NW1/4 
84 14 otter Tail 131N 43W 31 SW1/4 
85 16 otter Tail 131N 44W 25 SE1/4 
86 6 otter Tail 132N 44W 14 SW1/4 (E) 
87 6 otter Tail 132N 44W 14 SW1/4 (W) 
88 6 otter Tail 132N 44W 14 NW1/4 
89 6 otter Tail 132N 44W 1 SE1/4 (N) 
90 6 otter Tail 132N 44W 1 SE1/4 (S) 
91 restor. otter Tail 132N 43W 8 SW1/4 
92 0 otter Tail 132N 43W 17 SE1/4 
93 0 otter Tail 131N 43W 8 SW1/4 
94 0 otter Tail 131N 44W 26 NW1/4 (E) 
95 0 otter Tail 131N 44W 26 NW1/4 (W) 
96 0 otter Tail 131N 44W 35 NW1/4 
97 0 otter Tail 132N 44W 1 NE1/4 (N) 
98 0 otter Tail 132N 44W 1 NE1/4 (E) 
99 0 otter Tail 132N 44W 1 NE1/4 (W) 
100 0 otter Tail 132N 44W 1 SW1/4 
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